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Abstract: The burden of cardiovascular disease (CVD) is increasing worldwide and one related
lifestyle choice is breakfast consumption. This study examined the association between breakfast
frequency and the 10-year risk of atherosclerotic CVD (ASCVD). The 10-year risk of ASCVD was
defined as the risk of the first event of nonfatal myocardial infarction, coronary heart disease
death, and nonfatal or fatal stroke within 10 years. Data from the Korean National Health and
Nutrition Examination Survey, 2014–2016 were analyzed, and 7212 participants aged 40–79 years
with no history of CVD were included. ASCVD risk was calculated according to the pooled cohort
ASCVD equation, and participants with a score >7.5% were considered at high risk of ASCVD.
The association between breakfast frequency and high ASCVD risk was confirmed by logistic
regression analysis. Participants who never ate breakfast were more likely to be in the high-risk
group compared to participants who ate breakfast >5 times per week (OR (adjusted odds ratio) = 1.46;
95% CI (confidence interval) = 1.12–1.89), and the risk was especially higher in female participants
and those with a family history of CVD. Our study confirms that breakfast consumption even once
per week may prevent CVD.
Keywords: cardiovascular disease; breakfast; meals; lifestyle; public health
1. Introduction
Cardiovascular disease (CVD), including heart attack and stroke, has a high mortality rate
worldwide [1]. In South Korea, an estimated 53,597 deaths occurred from CVD in 2017, making
it the second most common cause of mortality, accounting for 19% of all deaths in the country [2].
Additionally, in 2016, the medical cost of CVD was reported to be about 8 trillion Korean won
(approximately 7 billion US dollars) [3]. Obesity, hypertension, diabetes, and dyslipidemia are the
main causes of CVD [4] and the increasing prevalence of these diseases in adults in modern society
raises valid concerns regarding a drastic increase in the incidence of CVD in the future. However,
many of the diseases that lead to CVD are lifestyle-related and can be prevented.
Accordingly, various methods for identifying groups at high risk of CVD have been proposed, with
the aim of implementing lifestyle interventions and to reduce the number of CVD-related deaths [5].
In 2013, the American College of Cardiology/American Heart Association (ACC/AHA) Guidelines
for Cardiovascular Risk Assessment proposed the concept of the “pooled cohort atherosclerotic
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cardiovascular disease (ASCVD) equation,” which partly addresses the limitations of previous methods,
and assesses a 10-year ASCVD risk [6,7].
The lifestyle choices associated with CVD are smoking, drinking, reduced exercise, sleeping
patterns, and eating patterns or habits [8]. Among these factors, modern society is becoming more
aware of eating habits, and as a result, many people are conscientious about the nutritional content
and quality of their meals [9,10]. However, the importance of timing and frequency of meals are often
overlooked. Breakfast is associated with more health effects than lunch or dinner [10]. Breakfast
consumption enables diverse nutrient intake and addresses energy imbalance, is helpful for weight
loss and weight management, and is associated with reduced risk of developing various diseases,
such as CVD, diabetes, and dyslipidemia [10]. In addition, eating breakfast is closely linked to a
healthier lifestyle [11]. Therefore, eating breakfast is an important health promotion determinant. The
National Health Promotion Strategy (Health Plan 2020) in Korea includes the goal of reducing the rate
of breakfast skipping [12] because although it is important for health, many people do not regularly
eat breakfast.
According to the 4th National Health Promotion Strategies (Health Plan 2020) [12], a survey of
people aged 1 year and over, the breakfast skipping rate in Korea in 2013 was 22.5%, and the target
rate for 2020 is 18.3%. However, according to the Korea National Health and Nutrition Examination
Survey (KNHANES) for adults aged 19 years and over, the breakfast skipping rate has been gradually
increasing since 2013 (25.2% in 2013, 25.6% in 2014, 28.0% in 2015, and 29.6% in 2016) [13]. Such a trend
can also be observed in other countries [14–16].
Many studies, both national and international, have examined the relationship between breakfast
skipping and health status. Several studies have shown that breakfast skipping has an impact on
depression [17], obesity, diabetes, hypertension, metabolic disease [18,19], and CVD [20–23]. A cohort
study in the United States showed that the risk of coronary heart disease increases by an average of 27%
in men who skip breakfast [20], and a Japanese cohort study showed that men who skipped breakfast
had a significantly increased risk of mortality from both circulatory disease and all causes [21]. Two
studies evaluated the effects of breakfast frequency on CVD risk and categorized breakfast frequency
into 3 groups (0–2, 3–5, or 6–7 times per week) [22] and 4 groups (0–2, 3–4, 5–6, or 7 times per week) [23].
Together, these studies indicated that eating breakfast less than three times (0–2 times) per week
was associated with a high risk of CVD. Therefore, our study aimed to expand these findings by
investigating the difference between groups of individuals that always skip breakfast and groups that
eat breakfast at least once per week.
Ultimately, the purpose of this study was to examine the association between the frequency of
breakfast skipping per week and the 10-year risk of ASCVD. Additionally, we determined the risk of
CVD in people who eat breakfast once a week and those do not eat breakfast at all. Therefore, the
groups of individuals from the KNHANES study were subdivided into those who ate breakfast 0, 1–2,
3–4, and 5–7 times per week.
2. Materials and Methods
2.1. Data Collection and Participants
This cross-sectional study used data from the 2014–2016 KNHANES, which included a total of
23,080 respondents. We excluded individuals with a diagnosis of CVD (n = 809; including stroke,
myocardial infarction, and angina), individuals aged <40 years or >79 years (n = 12,810) because
the ASCVD risk equation is specific for the age range 40–79 years, individuals with unknown
breakfast frequency (n = 1059), and individuals who had not provided information regarding age,
sex, socioeconomic status (SES), health-related factors, and survey year (n = 1197). Finally, a total
of 7,205 individuals were included in this study. The KNHANES data are openly published; thus,
ethical approval was not required for this study. Additionally, information of respondents was fully
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anonymized and unidentified before analysis. Therefore, this study did not require informed consent
from the respondents.
2.2. Dependent Variable
The main outcome for this study was the assessment of ASCVD risk. The 10-year risk of ASCVD
was defined as the risk of the first event of nonfatal myocardial infarction, coronary heart disease death,
and nonfatal or fatal stroke within 10 years [6]. The risk of CVD was assessed by applying the pooled
cohort risk assessment equation from the 2013 ACC/AHA guidelines [6]. The 10-year ASCVD risk score
considers factors of age; sex; ethnicity; high-density lipoprotein cholesterol (HDL) and total cholesterol
(TC) levels; systolic blood pressure (SBP; whether hypertension is treated or not); the prevalence of
diabetes; and smoking status. Since it is appropriate for Koreans to be considered as Caucasians,
regression coefficients for the white race were applied to the equation in this study. Participants with
a risk score of >7.5% were regarded as at high risk because this score is used to indicate whether a
prescription of statins should be considered [6]. In order to identify absolute risk, the dependent
variable was designed in the form of a binary division with a cut-off of 7.5% (i.e., high-risk group:
≥7.5%, normal group: <7.5%).
2.3. Independent Variable
The independent variable in this study was the frequency at which breakfast was eaten per week.
The questionnaire about the frequency of meals per day in the KNHANES is divided into breakfast,
lunch, and dinner, which could be defined according to when one eats. Breakfast can be defined as a
meal taken in the morning [24]. The following KNHANES questionnaire item was used to determine
the independent variable, “How many times per week did you have breakfast in the last year?” There
are four possible responses to the question: 5–7 times per week, 3–4 times per week, 1–2 times per
week, almost none (0 times per week). Participants were categorized according to their responses to
this questionnaire item.
2.4. Control Variables
Covariates were age, sex, socioeconomic status (SES), health-related factors, and survey year.
SES included marital status, education level, household income level, occupation (white collar, pink
collar, blue collar, and others), and rural/urban region. Health-related factors were alcohol status,
perceived stress level, perceived health status, physical activity, body mass index (BMI), nutrition
status, total energy, fat and carbohydrate intake per day, and family history of CVD. Physical activity
was categorized into 3 groups, considering the amount and intensity of physical activity according
to the metabolic equivalent task (MET). MET was calculated by considering strength, time, and the
number of days of physical activity (MET range <600, low; 600–2999, moderate; ≥3000, high) [25].
Family history was categorized as ‘Yes’ if the respondent indicated they had a family history of CVD
(including stroke, myocardial infarction, or angina) and ‘No’ if they did not. Nutrition status was
categorized by mean nutrient adequacy ratio [MAR(9)]. MAR(9) calculates the nutrient adequacy
ratio (NAR) of nine nutrients (protein, calcium, phosphorus, iron, vitamin A, vitamin B1, vitamin B2,
niacin, and vitamin C), adds them all together, and divides by nine [26]. A MAR(9) score of >0.75 was
categorized as good and a score <0.75 was categorized as poor [27].
2.5. Statistical Analysis
The chi-square test, t-test, and logistic regression were used for the analysis of the data. The
chi-square test was used to examine the significance of differences in the ASCVD risk by the frequency
of breakfast after adjusting for covariates. p-values <0.05 were considered significant. The association
and significance of differences between ASCVD risk (dependent variable) and the number of breakfasts
per week (independent variable) were analyzed with logistic regression analysis for adjusted odds
ratios (ORs) and 95% confidence intervals (CIs). Subgroup analysis was performed by sex, MET, and
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family history. In addition, we tested for multicollinearity in this statistical model. The variance
inflation factors (VIFs) were all less than 10, indicating no excessive correlation between independent




The general characteristics of the study population are provided in Table 1. The total number of
participants was 7205, of which 2786 were considered ASCVD high-risk, and 4419 were considered
ASCVD normal. In both the high-risk and normal groups, the frequency of breakfast consumption was
5–7 per week for most participants. With the exception of survey year (p = 0.7889), the differences in all
other variables between ASCVD risk groups were statistically significant. In the ASCVD high-risk
group, participants were most likely to eat breakfast 5–7 times per week (43.2%; n = 2414), followed by
0 times per week (28.5%; n = 169).





n % n % n %
Breakfasts per week <0.0001
5–7 times 5589 77.6 2,414 43.2 3175 56.8
3–4 times 597 8.3 137 22.9 460 77.1
1–2 times 425 5.9 66 15.5 359 84.5
0 times 594 8.2 169 28.5 425 71.5
Sex <0.0001
Male 2916 40.5 1726 59.2 1190 40.8
Female 4289 59.5 1060 24.7 3229 75.3
Age <0.0001
40-49 2158 30.0 154 7.1 2004 92.9
50-59 2189 30.4 524 23.9 1665 76.1
>60 2858 39.7 2108 73.8 750 26.2
Marital status <0.0001
Married 5930 82.3 2164 36.5 3766 63.5
Single, separated, or divorced 1275 17.7 622 48.8 653 51.2
Educational level <0.0001
Middle school or less 2757 38.3 1545 56.0 1212 44.0
High school 2385 33.1 699 29.3 1686 70.7
College or over 2063 28.6 542 26.3 1521 73.7
Household income level <0.0001
Low 1298 18.0 823 63.4 475 36.6
Lower middle 1810 25.1 796 44.0 1014 56.0
Upper middle 1909 26.5 577 30.2 1332 69.8
High 2188 30.4 590 27.0 1598 73.0
Occupation <0.0001
White collar 1415 19.6 316 22.3 1099 77.7
Pink collar 1008 14.0 203 20.1 805 79.9
Blue collar 2033 28.2 957 47.1 1076 52.9
Unemployed or other 2749 38.2 1310 47.7 1439 52.3
Region <0.0001
Urban area 4472 62.1 1647 36.8 2825 63.2
Rural area 2733 37.9 1139 41.7 1594 58.3






n % n % n %
Alcohol status <0.0001
Non-drinker 1003 13.9 480 47.9 523 52.1
Other 6202 86.1 2306 37.2 3896 62.8
Perceived stress level <0.0001
Low 5608 77.8 2284 40.7 3324 59.3
High 1597 22.2 502 31.4 1095 68.6
Perceived health status 0.0016
Good 2116 29.4 821 38.8 1295 61.2
Normal 3752 52.1 1394 37.2 2358 62.8
Bad 1337 18.6 571 42.7 766 57.3
Physical activity 0.0001
High 1173 16.3 393 33.5 780 66.5
Moderate 2990 41.5 1158 38.7 1832 61.3
Low 3042 42.2 1235 40.6 1807 59.4
BMI (kg/m2) <0.0001
Underweight or Normal (<22.9) 2810 39.0 953 33.9 1857 66.1
Overweight (23.0–24.9) 1861 25.8 768 41.3 1093 58.7
Obesity (>25.0) 2534 35.2 1065 42.0 1469 58.0
Family history 0.0010
No 5539 76.9 2199 39.7 3340 60.3
Yes 1666 23.1 587 35.2 1079 64.8
Nutritional status <0.0001
Good 5284 73.3 1924 36.4 3360 63.6
Poor 1921 26.7 862 44.9 1059 55.1
Calorie intake (kcal/day) * 1973.6 861.5 1995.1 853.5 1960.0 866.3 <0.0001
Fat intake (g/day) * 39.5 31.6 35.4 29.2 42.1 32.8 <0.0001
Carbohydrate intake (g/day) * 313.7 127.7 325.7 133.1 306.0 123.6 <0.0001
Year 0.7889
2014 2203 30.6 850 38.6 1353 61.4
2015 2481 34.4 972 39.2 1509 60.8
2016 2521 35.0 964 38.2 1557 61.8
Total 7205 100.0 2786 38.7 4419 61.3
* Values are presented as mean ± standard deviation. p-value is the result of the chi-square test and t-test; ASCVD
risk: 10-year ASCVD risk was measured using the pooled cohort equation; 10-year risk <7.5%: normal group,
≥7.5%: high-risk group; ASCVD: atherosclerotic cardiovascular disease; BMI: body mass index.
3.2. Association between Breakfast Frequency and ASCVD Risk
Table 2 shows the association between variables and ASCVD high-risk. Logistic regression analyses
adjusted for covariates revealed that breakfast frequency was related to ASCVD risk. Individuals who
did not eat breakfast (0 times per week) were significantly more likely to belong to the high-risk group
than those who ate breakfast 5–7 times per week (reference group) (OR = 1.46; 95% CI = 1.12–1.89).
The risk for women was lower than that for men (OR = 0.06; 95% CI = 0.05–0.07). A family history of
CVD had no statistical impact on ASCVD risk (OR = 0.88; 95% CI = 0.75–1.03).
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Table 2. Association between the number of breakfasts per week and high risk of ASCVD.
Variables
Total
Adjusted OR * 95% CI
Breakfasts per week
5–7 times 1.00 -
3–4 times 1.06 (0.81–1.39)
1–2 times 0.78 (0.55–1.11)










Single, separated, or divorced 1.50 (1.26–1.78)
Educational level
Middle school or less 1.49 (1.19–1.88)
High school 1.21 (0.99–1.49)
College or over 1.00 -
Household income level
Low 1.61 (1.29–2.03)
Lower middle 1.15 (0.94–1.40)
Upper middle 0.98 (0.81–1.19)
High 1.00 -
Occupation
White collar 1.00 -
Pink collar 0.83 (0.63–1.11)
Blue collar 0.98 (0.77–1.25)
Unemployed or other 1.56 (1.22–1.99)
Region
Urban area 1.00 -





















Underweight or Normal (<22.9) 1.00 -
Overweight (23.0–24.9) 1.11 (0.93–1.32)







Calorie intake (kcal/day) 1.00 (1.00–1.00)
Fat intake (g/day) 1.00 (1.00–1.00)





* OR: adjusted odds ratio. All covariates were adjusted; ASCVD risk: 10-year ASCVD risk was measured using
the pooled cohort equation; 10-year risk <7.5%: normal group, ≥7.5%: high-risk group; ASCVD: atherosclerotic
cardiovascular disease, adjusted OR: odds ratio, 95% CI: confidence interval; BMI: body mass index.
3.3. Association between ASCVD High-Risk and Breakfast Frequency Stratified by Sex and Family History
Figure 1 shows the results of subgroup analyses regarding the impact of sex and family history on
ASCVD high-risk according to the number of breakfasts consumed per week. Both men and women
who did not eat breakfast were more likely to be ASCVD high-risk compared to the 5–7 times reference
group (men: OR = 1.47, 95% CI = 1.04–2.09; women: OR = 1.55, 95% CI = 1.03–2.34), with women
having a higher likelihood of being in the high-risk group compared to men. Compared to individuals
without a family history of CVD, those who reported a family history of CVD tended to have higher
ORs for high ASCVD risk when the frequency of breakfast consumption was ≤4 times per week; in
particular, individuals who did not eat breakfast at all were significantly more likely to be at high risk
(OR = 2.10; 95% CI = 1.26–3.50).
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Figure 1. Subgroup analysis of the association between ASCVD high-risk and breakfast frequency 
stratified by (a) sex and (b) family history. Adjusted OR, all covariates were adjusted. ASCVD risk: 
10-year ASCVD risk was measured using a pooled cohort equation. 10-year risk <7.5%: normal group, 
≥7.5%: high-risk group. (b) Family history: related to CVD such as stroke, myocardial infarction, 
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4. Discussion
This study examined the association between the number of times breakfast was eaten per week
and the risk of ASCVD incidence in 10 years determined through the pooled cohort ASCVD equation,
using nationally representative KNHANES data. Our results indicate that individuals who regularly
fail to eat breakfast are statistically significantly more likely to belong to the high-risk group for ASCVD
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than those who eat breakfast more than 5 times per week. This result was similar for both sexes.
Additionally, women who involve in intense physical activity or those with a family history of CVD
were more likely to be at high-risk if they consistently skip breakfast.
A previous cross-sectional study on the relationship between the breakfast frequency and CVD
incidence for middle-aged Korean men divided breakfast frequency into 3 categories: hardly ever
(0–2 times per week), sometimes (3–5 times per week), and always (6–7 times per week). The study
found that the “hardly ever” group had significantly higher triglyceride levels [22]. Another similar
study using Japanese cohort data divided breakfast frequency into 4 categories (0–2, 3–4, 5–6, and 7
times per week) and showed that the incidence of CVD was significantly higher in groups that ate
breakfast 0–2 times per week compared to groups that ate breakfast every day [23]. Together, these
studies indicate that people who rarely eat breakfast (mainly less than 3 times per week) have a higher
risk of CVD than those who regularly eat breakfast.
Our study found that women had a higher CVD risk than men when the frequency of breakfast
consumption was ≤2 times per week. Many previous studies have reported that women who do
not eat breakfast have health problems linked to CVD-related factors such as high TC or low-density
lipoprotein-cholesterol, elevated blood pressure, low cortisol, and obesity [28–33]. In addition, some
studies have reported more relevance to obesity when skipping breakfast in women than men [28–30].
A previous study has underscored the importance of preventing and managing CVD in women for the
following reasons: lower attention to CVD due to past perceptions that CVD is a disease predominantly
prevalent among males, and higher obesity rates in women than in men [34]. Our study supports the
importance of CVD management in women.
Our study results support and extend findings from previous studies by indicating that eating
breakfast once or twice per week can help prevent CVD compared to not eating breakfast at all.
Breakfast is eaten at the beginning of the day and a healthy day that begins with breakfast may improve
an individuals’ overall healthy lifestyle. A previous study suggested that skipping breakfast can
have an impact on other meals during the day [35] and can reflect an individual’s general healthy
behavior [10,11]. The present study is meaningful in terms of public health because it considers the
preventative aspects of CVD, which has a high disease burden in modern societies. Moreover, it
clarifies the association between CVD and breakfast frequency, a lifestyle habit that can be modified
for disease prevention. The strengths of the study included the fact that it used a large, national data
set compiled by national institutions, increasing the reliability of the original data. In addition, the
study excluded individuals previously diagnosed with cardiovascular-related diseases to minimize
the weaknesses of a cross-sectional study design.
However, several limitations should be taken into account when interpreting the results of this
study. First, because this was a cross-sectional study, the results cannot identify a definite causal
relationship; because breakfast is not an intervention, the relatively low risk of CVD in individuals
who eat breakfast more often may be related to their generally healthier lifestyles. Second, despite the
efforts of the surveying agency to reduce bias, the original data we analyzed may have been affected by
response bias. In addition, the KNHANES data regarding the frequency of meals were obtained based
on the timing of the meal (i.e., breakfast, lunch, and dinner) so the frequency of meals could be checked
according to the meal constitution. However, it was not possible to determine the items consumed for
breakfast, since nutritional data were only given for total daily intake and the corresponding nutritional
content. Therefore, we considered the total intake of nutritional factors per day as control variables.
Future studies need to identify the exact amount of calories and nutrients intakes for breakfast. Third,
a 10-yr ASCVD risk assessment model (pooled cohort ASCVD equation) from the ACC/AHA guideline
was used to estimate the risk of ASCVD in the study sample. The guideline is suitable for non-Hispanic
Caucasians or African-Americans, the risk may be over-estimated for Asians. However, since this is a
problem that is based on patients diagnosed with ASCVD, its use can also be tolerated in Asians from
a preventive perspective [36]. In addition, an appropriate model for Asians has not been developed.
Thus in many Asian countries, including South Korea, a 10-yr ASCVD risk assessment model has been
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used [37–43]. Finally, because the pooling cohort ASCVD equation is only applicable to individuals
aged 40–79 years, this study could not assess the CVD risk for other age groups.
5. Conclusions
The results of this study suggest that daily breakfast skipping is associated with an increased risk
of CVD, and indicates that eating breakfast even once per week may prevent CVD. In particular, the
results highlight the role of a family history of CVD in CVD risk in women. Furthermore, the results
emphasize the importance of eating breakfast and suggests a simple lifestyle change of eating breakfast
at least once per weak that can reduce the incidence of CVD and prevent ASCVD.
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